Goat mammary-gland microsomal fraction by itself induces synthesis of mediumchain-length fatty acids by goat mammary fatty acid synthetase and incorporates short-and medium-chain fatty acids into triacylglycerol. Addition of ATP in the absence or presence of Mg2+ totally inhibits triacylglycerol synthesis from short-and medium-chain fatty acids, and severely inhibits synthesis de novo of medium-chain fatty acids. The inhibition by ATP of fatty acid synthesis and triacylglycerol synthesis de novo can be relieved by glycerol 3-phosphate. The effect of ATP could not be mimicked by the non-hydrolysable ATP analogue, adenosine 5'-[,B,y-methylene]triphosphate and could not be shown to be caused by inhibition of the diacylglycerol acyltransferase by a phosphorylation reaction. Possible explanations for the mechanism of the inhibition by ATP are discussed, and a hypothetical model for its action is outlined.
Goat mammary-gland microsomal fraction by itself induces synthesis of mediumchain-length fatty acids by goat mammary fatty acid synthetase and incorporates short-and medium-chain fatty acids into triacylglycerol. Addition of ATP in the absence or presence of Mg2+ totally inhibits triacylglycerol synthesis from short-and medium-chain fatty acids, and severely inhibits synthesis de novo of medium-chain fatty acids. The inhibition by ATP of fatty acid synthesis and triacylglycerol synthesis de novo can be relieved by glycerol 3-phosphate. The effect of ATP could not be mimicked by the non-hydrolysable ATP analogue, adenosine 5'-[,B,y-methylene]triphosphate and could not be shown to be caused by inhibition of the diacylglycerol acyltransferase by a phosphorylation reaction. Possible explanations for the mechanism of the inhibition by ATP are discussed, and a hypothetical model for its action is outlined.
Goat milk fat contains about 25mol% of shortchain (C4-C6) and medium-chain (C8-C I2) fatty acids (Marai et al., 1969) . These fatty acids are all synthesized in the mammary gland and esterified into triacylglycerol (Moore & Christie, 1977) . Goat mammary-gland fatty acid synthetase can synthesize fatty acids of short, medium and long chain length (Grunnet & Knudsen, 1979) . The termination mechanism for short-and medium-chain fatty acids is a transacylation reaction, resulting in release of the synthesized fatty acids as acyl-CoA (Hansen & Knudsen, 1980; Knudsen & Grunnet, 1982) . The synthesis of medium-chain fatty acids is dependent on a simultaneous removal of the acylCoA produced . Longchain fatty acids are released as free fatty acids by a thioesterase (Grunnet & Knudsen, 1983) . The microsomal fraction of goat mammary gland is able to remove medium-chain acyl-CoA from the fatty acid synthetase complex. originally showed that goat mammary microsomal fraction could only induce mediumchain-length fatty acid synthesis and incorporate the fatty acids into triacylglycerol in the presence of ATP, Mg2' and glycerol 3-phosphate. However, other experiments showed that microsomal fractions preloaded with diacylglycerol could induce medium-chain fatty acid synthesis by goat mammary fatty acid synthetase and incorporate these fatty acids into triacylglycerol Lactating goats 2-3 weeks post partum were used. Subcellular fractionation of mammary gland and purification of fatty acid synthetase were performed as described by Knudsen (1972) . Preincubation of the microsomal fraction was performed as described by Haagsman et al. (1982) .
Fatty acid synthetase was incubated in 1 ml of 0.1 M-potassium phosphate buffer, pH 7.0, containing 30 /IM-[1-4C]acetyl-CoA (4.2-17.1 Ci/mol), mM-EDTA and 240 iM-NADPH. Malonyl-CoA was infused continuously (2 nmol/min) as described by Grunnet & Knudsen (1979) . The incubations were divided into two portions, of 250Ml and 750Ml. An equal volume of SM-NaOH was added to the 250p1 portion of each incubation to stop the reaction, and the pattern of fatty acids synthesized was determined by radio-g.l.c. . Chloroform/methanol (1:2, v/v; 3ml) was added to the remaining 750pl of the incubation mixture to stop the reaction, and lipids were extracted by the method of Bligh & Dyer (1959) , except that 0.1 M-HCl was used instead of water. Individual neutral lipids were separated by t.l.c. on silica-gel HR plates (20cm x 20cm; 0.5mm-thick coating) developed with hexane/diethyl ether/ methanol/acetic acid (90:20:3:2, by vol.). Phospholipids were separated on similar plates developed in chloroform/methanol/acetic acid/water (50:25: 7:3, by vol.). Lipid spots were detected by iodine vapour. The fatty acids in the lipid classes were analysed by radio-g.l.c. as described above. Radioactivity was counted as described by Marshall & Knudsen (1977) . Protein was precipitated with 15% (w/v) trichloroacetic acid and measured by the method of Lowry et al. (1951) , with bovine serum albumin as standard.
Results
Addition of increasing amounts of microsomal fraction, without added ATP, Mg2+ and glycerol 3-phosphate, to incubations containing goat mammary-gland fatty acid synthetase stimulated synthesis of all individual fatty acids, especially medium-chain fatty acids (Fig. la) . However, at high concentration of the microsomal fraction (4.3mg/ml) a strong inhibition of fatty acid synthesis was observed. The synthesis of short-chain (C4:0-C6:0) and long-chain (Ci4:0-C16:0) fatty acids was independent of their incorporation into triacylglycerol. In contrast, the synthesis of C1 0:0 fatty acid was closely related to its incorporation into triacylglycerol (Fig. lb) .
Long-chain fatty acids (C14:0Ci6:0) were not incorporated into triacylglycerols, probably owing to the lack of ATP and Mg2+, necessary for their activation, in the incubation medium. Lauric acid was incorporated at low concentration of microsomal fraction, indicating that the goat mammary fatty acid synthetase can terminate at this chain length by the transacylation mechanism. Addition of ATP in the presence of Mg2+, but in the absence of glycerol 3-phosphate, totally inhibited incorporation of short-and medium-chain fatty acids synthesized de novo into triacylglycerols and synthesis of medium-chain fatty acids de novo (Table  1 ). The inhibition of medium-chain fatty acid synthesis is most probably secondary to the inhibition of incorporation of these acids into triacylglycerols. Only long-chain fatty acids synthesized de novo were incorporated into triacylglycerols, showing that the ATP inhibition of triacylglycerol synthesis is specific for medium-and short-chain fatty acids.
The inhibitory effect of ATP on synthesis of medium-chain fatty acids and incorporation of short-and medium-chain fatty acids could be observed at low ATP concentration in the absence of added Mg2+, and in the presence of 1 mM-EDTA (Fig. 2a) . The inhibition of medium-chain fatty acid synthesis and incorporation into triacylglycerol was almost maximal at 0.5mM-ATP (Fig.  2b) . The synthesis of butyric acid was unaffected by the ATP addition, but the synthesis of longchain fatty acids, especially C14:0, was increased, probably owing to the decreased termination at medium-chain length. Addition of glycerol 3-phosphate in the presence and absence of Mg2+ could partly or completely relieve the ATP effect on synthesis of medium-chain fatty acids (Table 1 and Fig. 3a) and on incorporation of short-and Table 1 and Fig. 3b ). When glycerol 3-phosphate was added in the presence of ATP, but in the absence of Mg2+, incorporation of fatty acids synthesized de novo was observed into both phosphatidic acid and diacylglycerol as well as into triacylglycerol (Fig. 4) .
Under these conditions decanoic acid is the main fatty acid incorporated into all the lipid classes.
About 80% of the synthesized decanoic acid was recovered in the analysed lipid classes, and decanoic acid could not be detected in the nonesterified fatty acids fraction. The large incorporation into phosphatidic acid seen in this experiment is due to the lack of added Mg2+, which is necessary for the conversion of phosphatidic acid into diacylglycerol (Marshall & Knudsen, 1977) . When Mg2+ was added to the medium, only insignificant amounts of labelled fatty acids were found in phos- various lipid classes. Short-chain fatty acids are almost exclusively incorporated into triacylglycerols, whereas medium-and longer-chain fatty acids are incorporated into both triacylglycerols and diacylglycerols and into phosphatidic acid.
To gain more insight in the nature of the ATP interaction with the incorporation of short-and medium-chain fatty acids into triacylglycerols, incubations with the non-hydrolysable ATP analogue adenosine 5'-[fl,y-methylene]triphosphate were performed. Surprisingly this compound had no effect at all, either on fatty acid synthesis or on the incorporation of fatty acids synthesized de novo into triacylglycerols (Table 2) ( Table 3 ). [ATP] (mM) Fig. 2 Table 3 . Effect ofpreincubation of the microsomal fraction with A TP and NaF on fatty acid synthesis and triacylglycerol synthesis when goat mammary-gland fatty acid synthetase is incubated in the presence of goat mammary-gland microsomal fraction The incubation conditions were as described in Fig. 2 . A 2mg sample of pretreated microsomal fraction was added (treatment was described in the Materials and methods section) and the kind of pretreatment was as indicated in the loaded with diacylglycerols are necessary for induction, strongly indicate that an active triacylglycerol-synthesizing system is required for induction.
Experiments with albumin or 2,6-di-0-methyla-cyclodextrin have shown that the induction involves a removal or dissociation of medium-chain acyl-CoA derivatives, synthesized by the goat mammary fatty acid synthetase, from the enzyme complex (Knudsen & Grunnet, 1982) . The factors involved in vivo in this removal process are not known, but the present experiment shows that the removed acyl-CoA species are not only available for the diacylglycerol acyltransferase, because a large incorporation is observed into both diacylglycerol and phosphatidic acid when ATP and 'glycerol 3-phosphate are added in the absence of Mg2+ to the incubation system (Fig. 4) .
The results also show that, although the inhibitory effect of ATP on medium-chain fatty acid synthesis and incorporation of short-and mediumchain fatty acids into triacylglycerol is independent of added Mg2+, it still requires the hydrolysis of ATP. The non-hydrolysable ATP analogue adenosine 5'-[f,y-methylene]triphosphate was unable to mimic the ATP effect.
The experiments did not confirm the possibility of inhibition of the diacylglycerol acyltransferase by a phosphorylation reaction, similar to what has been suggested for rat liver diacylglycerol acyltransferase (Haagsman et al., 1982) .
One possible explanation for the ATP inhibition could be an activation of endogenous free fatty acids in the membranes of the microsomal fraction. The activated fatty acids could be incorporated into triacylglycerols in preference to mediumand short-chain acyl-CoA synthesized de novo. Such a mechanism could as well explain inhibition of medium-chain fatty acid synthesis as the inhibition of short-chain fatty acid incorporation into triacylglycerol. It has previously been shown that palmitoyl-CoA effectively competes with butyryl-CoA in the diacylglycerol acyltransferase reaction in cow mammary-gland microsomal fraction (Marshall & Knudsen, 1980) . The mechanism outlined above could also explain the glycerol 3-phosphate effect. The added glycerol 3-phosphate can act as an acceptor for the activated fatty acids and thereby prevent acylation of endogenous diacylglycerol with long-chain fatty acids, and supply I-acylglycerol phosphate, which can be acylated with decanoyl-CoA synthesized de novo to give phosphatidic acid containing C10:0, as seen in Fig.   4 . The above hypothetical model is tested in the following paper (Hansen et al., 1984) .
